Amygdala D1 receptors have been implicated in the motivating effects of cocaine-conditioned cues and cocaine itself, but the specific nucleus involved is unclear. Thus, we infused the D1 antagonist, SCH-23390, into the rostral basolateral amygdala (rBLA), caudal basolateral amygdala (cBLA), or central amygdala (CEA), and tested its effects on self-administration of cocaine, as well as reinstatement of extinguished cocaine-seeking behavior by cocaine-conditioned cues or cocaine itself. Two anatomical controls, the posterior regions of basal ganglia (BG) and somatosensory/insular cortices (CTX), were also examined. Cocaine self-administration was increased and cue and cocaine reinstatement were decreased by SCH-23390 infusion into every region when examined across the hour test session, with the exception that cBLA infusion did not alter cocaine reinstatement. In the first 20 min of the session, when SCH-23390 was more localized in the target sites, self-administration was increased by infusion into the CEA, cBLA, BG, and CTX, with lesser increases in the rBLA. Cocaine reinstatement was attenuated during the first 20 min only by infusion into the CEA, rBLA, and CTX. Cue reinstatement was not reliably observed in the first 20 min, but there was a trend for attenuation by infusion into the cBLA, and surprisingly, significant attenuations in the BG and CTX. The findings suggest that D1 receptors in subregions of the amygdala play differential roles in the reinforcing/motivational effects of cocaine, while the cue reinstatement effects are less clear. Further research is needed to examine the novel findings that neighboring regions of the BG and CTX may play a role in motivation for cocaine.
INTRODUCTION
Cocaine and cocaine-paired stimuli can elicit craving and relapse in cocaine abusers (Childress et al, 1988; Wallace, 1989) . This phenomenon is modeled in animals using the extinction/reinstatement model, in which cocaine-seeking behavior (ie operant responding in the absence of cocaine reinforcement) is thought to reflect motivation for cocaine. Extinguished cocaine-seeking behavior can be reinstated by a cocaine priming injection or by response-contingent presentations of stimuli previously paired with cocaine infusions (ie cocaine cues), reflecting the incentive motivational effects of these stimuli (de Wit and Stewart, 1981) .
Previous research has demonstrated that pretreatment with dopamine D1 receptor antagonist and agonist drugs attenuates motivation elicited by either cocaine priming or cocaine cues (Self et al, 1996 (Self et al, , 2000 Weissenborn et al, 1996; Khroyan et al, 2000; Ciccocioppo et al, 2001; Weiss et al, 2001; Alleweireldt et al, 2002 Alleweireldt et al, , 2003 . The effects of D1 agonists and antagonists on cocaine-primed reinstatement are reversed when the drugs are co-administered (Alleweireldt et al, 2003; Khroyan et al, 2003) , suggesting D1 receptor mediation. Due to differential effects on response latency, we have proposed that different mechanisms are involved in the effects of D1 antagonists and agonists on cocaineseeking behavior, and that the effects of D1 antagonists result from the abolishment of the reinforcing effects of cues and cocaine primes (Alleweireldt et al, 2002) .
The amygdala has been implicated in processing the salience of both conditioned and unconditioned stimuli, but subnuclei within the amygdala may differentially contribute to these effects. Specifically, excitotoxic lesion of the basolateral amygdala (BLA), but not the central amygdala (CEA), disrupts responding for a conditioned reinforcer (Burns et al, 1993; Robledo et al, 1996) . Also, exposure to cocaine cues enhances immediate early gene expression, a marker for neuronal activity, in the BLA, but not the CEA (Neisewander et al, 2000; Ciccocioppo et al, 2001; Thomas and Everitt, 2001 ). On the other hand, expression of a different neuronal activity marker, g protein kinase C, is increased in both the BLA and CEA following cue exposure (Thomas et al, 2003) . Furthermore, Kruzich and See (2001) reported that both the BLA and CEA are involved in the expression of cue-elicited cocaine-seeking behavior. However, the CEA may be more critical than the BLA for the vigor of cue-elicited cocaine-seeking behavior. For instance, we have shown that cocaine-seeking behavior intensifies during the course of withdrawal from cocaine (TranNguyen et al, 1998; Neisewander et al, 2000) , and this phenomenon has become known as the 'incubation effect' . A recent report has shown that increased phosphorylation of extracellular signal-regulated kinases (ERK) in the CEA, but not the BLA, is critical for the incubation effect observed with cue reinstatement of cocaine-seeking behavior (Lu et al, 2005) . The vigor of responding for conditioned cues is also potentiated by amphetamine infusion into the nucleus accumbens, an effect which is attenuated by lesion of the CEA, but not the BLA (Burns et al, 1993; Robledo et al, 1996) . Thus, the CEA and BLA appear to play distinct, but somewhat overlapping roles in conditioned cue effects, with the BLA more involved in responding for conditioned cues and the CEA more involved in potentiation of this effect.
In contrast to its role in conditioned effects, the BLA does not appear to process unconditioned reward since lesion or inactivation fail to alter cocaine self-administration (Whitelaw et al, 1996; Meil and See, 1997; Grimm and See, 2000; Yun and Fields, 2003) . The CEA, on the other hand, shows increased neuronal activity following self-stimulation of the medial forebrain bundle (Hunt and McGregor, 1998) , the classic definition of brain reward. Also, infusion of amphetamine into the CEA, but not the BLA, supports conditioned place preference (O'Dell et al, 1999) . Finally, cocaine itself, as opposed to cocaine cues, activates immediate early gene expression in the CEA, but not in the BLA (Neisewander et al, 2000; Ciccocioppo et al, 2001) . D1 receptors in the amygdala appear to be involved in both conditioned and unconditioned stimulus effects. Infusion of SCH-23390 into the amygdala attenuates the reinforcing and/or motivational effects of cocaine cues as well as the reinforcing and discriminative stimulus effects of cocaine itself (McGregor and Roberts, 1993; Caine et al, 1995; Callahan and Cunningham, 1995; Hurd et al, 1997) . However, it is presently unclear which amygdaloid nuclei contribute to these effects. We hypothesized that D1 receptors in the BLA, and possibly the CEA, are involved in motivation for cocaine elicited by conditioned reinforcers, whereas D1 receptors in the CEA, but not the BLA, are involved in motivation for cocaine elicited by the primary reinforcer, cocaine itself. To test this hypothesis, we first examined the effects of SCH-23390 infused into the CEA, rostal (r) BLA, or caudal (c) BLA on both cue-and cocaine-reinstated cocaine-seeking behavior, as well as on cocaine self-administration. The caudal basolateral amygdala (cBLA) is distinct from the rostral basolateral amygdala (rBLA) in both its anatomical connections (Groenewegen et al, 1990; Shinonaga et al, 1994) and contributions to cocaine-seeking behavior (Kantak et al, 2002) . Also, since the drug is likely carried up the cannula track upon infusion, we explored anatomical specificity by examining effects of a single dose of SCH-23390 infused into regions dorsal to the amygdala, the posterior caudate-putamen and globus pallidus of the basal ganglia (BG), and dorsolateral to the amygdala, the secondary somatosensory and insular cortices (CTX).
MATERIALS AND METHODS

Animals and Surgery
Male Sprague-Dawley rats, weighing 225-275 g at the beginning of the experiment, were housed individually in a climate-controlled facility with a 12-h light/dark cycle. The housing conditions and care of the animals were in accordance with the Guide for the Care and Use of Laboratory Animals (National Research Council, 1996) .
Rats were acclimated to handling for at least 5 days prior to surgery and until they achieved a weight of at least 275 g. Rats received atropine sulfate (10 mg/kg, i.p.) to decrease bronchial secretions, and 5 min later, they were anesthetized with sodium pentobarbital (50 mg/kg, i.p.). Silastic catheters were then implanted into the jugular vein as described by Neisewander et al (2000) . The catheter ran subcutaneously from the neck and exited through an incision on top of the head. After suturing the neck incision, the rat was placed into a stereotaxic instrument. The connective tissue overlying the skull was removed and four stainless steel screws were implanted into the skull. Small holes were then drilled into the skull, through which stainless steel guide cannulae (23-gauge) were lowered. Rats received bilateral cannulae implants into either the CEA, rBLA, cBLA, BG, or CTX according to the following stereotaxic coordinates relative to Bregma and derived from the atlas of Paxinos and Watson (1997) :
Dental acrylic was used to permanently affix the metal end of the catheter and the guide cannulae to the screws, which anchored the entire headpiece to the skull. Stainless steel stylets (30-gauge) were placed into the guide cannulae to prevent clogging. To maintain catheter patency, catheters were flushed daily throughout the self-administration phase of the experiment with 0.1 ml of a solution of bacteriostatic saline, heparin sodium (10 U/ml), streptokinase (0.67 mg/ ml), and ticarcillin disodium (66.67 mg/ml). Catheter tips were sealed with a plastic cap when not in use. Catheter patency was verified periodically by injecting animals intravenously with 0.03-0.05 ml of methohexal sodium (16.67 mg/ml), which produces a rapid loss of muscle tone only when administered intravenously. produce a stock concentration. Lower doses were made via serial dilution. All dosage solutions, as well as vehicle, contained methanol at 5% concentration. The pH of the vehicle solution was matched to the pH of the highest drug concentration (pHE4.9). Rats received bilateral infusions of an assigned dose of drug or vehicle into either the CEA, rBLA, cBLA, BG, or CTX immediately prior to each test phase. A 30-gauge injector connected to a 10-ml syringe via PE 10 tubing was lowered to extend either exactly 1 mm (early experiments) or 2 mm (later experiments) below the guide cannulae tips. After 1 min, rats received 0.2 ml of SCH-23390 or vehicle infused over 1 min. Infusion of the drug was confirmed by movement of an air bubble the correct distance in the injection tubing. Injectors remained in place for 1 min to allow diffusion away from the injector and then stylets were replaced. Intracranial infusion produces temporary behavioral effects in some rats, such as reduced muscle tone, circling, and/or stereotypy. Thus, a maximum of 4 min postinfusion was allowed for rats to recover from these effects before being placed into the chambers for testing. Most rats required only 2 min to return to normal activity and many were placed into the chambers as soon as stylets were replaced.
Drugs and Intracranial Infusions
Cocaine Self-Administration Training Phase
After at least 5 days of recovery from surgery, rats were trained to lever press for cocaine infusions (0.75 mg/kg per 0.1 ml, i.v.) during daily, 2-h sessions. The operant conditioning chambers were equipped with two levers mounted on the front wall (one lever was 'active' and the other 'inactive'), a cue light above the active lever, a tone generator, and a house light mounted on the center of the back wall. Each chamber was housed in a larger, soundattenuating chamber. Completion of the schedule of reinforcement on the active lever simultaneously activated the house light, illuminated the cue light above the lever, and activated a tone. After 1 s, the 6-s cocaine infusion was delivered. The cue light and tone were then inactivated and the house light remained on for a 20-s timeout period, during which active lever presses had no consequences. Based on their individual self-administration performance, rats progressed from a fixed ratio (FR) 1 schedule to a variable ratio (VR) 2, VR 3, and finally to a VR 5 schedule of reinforcement. This schedule of partial reinforcement, as opposed to the continuous FR 1 schedule, was chosen because it engenders more robust responding when reinforcement is withheld (Mowrer and Jones, 1945) . Rats were food-restricted to approximately 17 g/day beginning 2 days prior to training as this has been shown to facilitate acquisition of cocaine self-administration (Carroll et al, 1981) , and they remained food-restricted until they achieved 14 infusions/session for two consecutive days on a VR 3 schedule of reinforcement. Thereafter, rats were given access to food ad libitum in the home cage throughout the remainder of the experiment. Rats received a minimum of 14 days self-administration training and were maintained on the VR 5 schedule with free food access for at least 5 days. Responses on the inactive lever were recorded but had no consequence.
Cocaine Self-Administration Test Phase
Before testing for self-administration, rats had to demonstrate stable infusion rates across days on the VR 5 schedule, defined as less than 15% variability of infusions/ session across 2 days of self-administration and no upward or downward trends across 3-5 days. Rats were tested twice for self-administration, once following infusion of vehicle and once following infusion of their assigned dose of SCH-23390, counterbalanced for order. Cocaine was available on a VR 5 schedule during the 1-h test session. At least 2 days intervened test days for rats to demonstrate that they had returned to their stable baseline self-administration rate, or a minimum of 3 days to demonstrate stability at a new level of intake, as was sometimes the case. Rats were infused bilaterally with SCH-23390 (0.5, 1.0, or 2.0 mg/side) into the CEA, rBLA, or cBLA (final n ¼ 4-8 per group). To examine region specificity of the SCH-23390 effects observed in the amygdala, additional rats received bilateral infusions of 2.0 mg/side into the BG or CTX (final n ¼ 7-8 per group).
Extinction Phase
Following self-administration, rats underwent daily 1-h extinction sessions. They were placed into the chambers and lever presses were recorded, but produced no consequences. Extinction continued a minimum of 10 days to obtain a low baseline from which responding could be reinstated by cues or cocaine priming. The extinction session immediately preceding a reinstatement test served as the baseline for that test.
Cocaine and Cue Reinstatement Test Phases
For cocaine reinstatement, an i.p. cocaine priming injection (10 mg/kg) was administered immediately before the rat was placed into the operant conditioning chamber. Lever presses were recorded for a 1-h test session, but had no consequences (ie no cues were presented). To control for possible reinstatement due to injection stress, rats were given an i.p. saline injection on the extinction day immediately preceding the cocaine reinstatement test (ie baseline). For cue reinstatement, the same stimulus complex as that paired with cocaine during training, with the exception that no fluid was infused with pump onset, was delivered response-contingently on an FR 1 schedule across the 1-h test session. If a rat did not receive a cue in the first 5 min of the session, a noncontingent cue presentation was delivered. Rats were tested twice for cocaine reinstatement and twice for cue reinstatement. The order of test type was counterbalanced such that half the rats were tested first for cocaine reinstatement (two tests) and then for cue reinstatement (two tests) and the other half were tested in the reverse order. For each test type, rats were pretreated with vehicle on one test day and an assigned dose of drug on the other test day, counterbalanced for order, and separated by at least 4 days of extinction to re-establish the baseline. A minimum of 2 extinction days separated a cocaine and cue test.
In separate experiments, rats received bilateral amygdala infusions of SCH-23390 into either the CEA (0.125-2.0 mg/ side), rBLA (0.5-2.0 mg/side), or cBLA (0.25-2.0 mg/side; final n ¼ 6-11 per group). To further assess anatomical specificity, additional rats were injected with 2.0 mg/side of SCH-23390 into the BG (final n ¼ 9-10). Additional rats with cannulae directed at the CTX were tested with bilateral infusions of the minimally effective dose of SCH-23390, which was 1.0 mg/side for cue reinstatement and 2.0 mg/side for cocaine reinstatement (n ¼ 8-9). The between-subjects assignment to dosage group was counterbalanced for previous cocaine intake during self-administration training since this variable is positively correlated with reinstatement of cocaine-seeking behavior (Deroche et al, 1999; Baker et al, 2001) . For each rat, the dose assignment was held constant for cocaine and cue reinstatement testing, but the dose assignment for self-administration varied and was balanced across reinstatement dosage groups. Only about half the rats who were tested for reinstatement were also tested for self-administration due to fewer doses tested and lower power needed to detect effects. Since a within-subjects design was utilized, rats who failed to reinstate to a cocaine prime or to cues were excluded from the respective analyses. 'Reinstatement' was defined as an increase of at least 10 active lever presses above baseline on either the vehicle-or SCH-23390-pretreatment test day.
Histology
After testing, animals were deeply anesthetized with sodium pentobarbital (100 mg/kg, i.p.), decapitated, and their brains were removed and sectioned in the coronal plane at a thickness of 40-60 mm. Appropriate sections were thawmounted onto gelatin-coated slides and stained with thyonin or cresyl violet for assessment of cannulae placement and neurotoxicity by an observer blind to the rats' treatment and performance.
Statistical Analyses
Rats' performance on each baseline day (infusion rate or response rate) was subtracted from their performance on the respective test day, and these difference scores were analyzed separately for the active and inactive lever for the first 20 min of the sessions as well as for the full hour. Data from each test type and each brain region were analyzed using separate ANOVAs. For amygdala subregions, difference scores for the vehicle and drug tests were analyzed using a mixed factor 2 Â 3-5 ANOVA with drug treatment (ie vehicle vs SCH-23390) as the within subjects factor and dosage group as the between-subjects factor. For the BG and CTX, the difference scores were analyzed using repeatedmeasures ANOVA with drug treatment as the factor. Due to graded dose-response functions and strong main effects observed in the amygdala subregions, planned pairedsample t-tests were also used to make the most relevant comparisons between behavior on the vehicle vs drug pretreatment test days for each dosage group. Finally, to ensure that vehicle-treated rats exposed to cues or a cocaine prime demonstrated reinstatement of cocaine-seeking behavior above baseline levels, planned paired-sample t-tests were used to compare responding on the vehicle pretreatment test day to responding on the baseline day for each dosage group. Latency to the first active lever press was also examined using ANOVAs as described above.
RESULTS
All descriptive statistics are presented as mean7SEM and all significant effects are reported. Approximately 27% of the rats implanted with cannula were excluded from analyses due to a misplaced cannula or extensive damage to the target nucleus. Figure 1 shows acceptable regions for infusion sites while a representative photomicrograph is presented in Figure 2 . Figure 1 Rats were included in the data analyses only if their cannulae tips were located in the target regions indicated for each of the three amygdala nuclei. The anterior/posterior plate containing the most infusion points is boxed with a dashed line for the CEA and rBLA and a solid line for the cBLA. The individual infusion sites for the BG and CTX anatomical control regions are indicated by the K symbols. The numbers indicate distance from Bregma in mm. Schematic representations were taken from Paxinos and Watson (1997) , with the permission of Elsevier.
Self-Administration
Cocaine intake during self-administration training did not differ between experiments (see Table 1 ). Across all 136 rats, total intake averaged 569.76716.50 infusions for the entire experiment and daily intake averaged 24.6570.59 infusions/2-h session.
Extinction
Active lever responding on the first day of extinction did not differ between experiments. The average across experiments was 77.9674.13 responses/h. The average baseline level of responding for each of the two cue reinstatement tests and for the two cocaine reinstatement tests did not differ across experiments. Cue reinstatement baselines averaged 12.6270.67 and cocaine reinstatement baselines averaged 12.4270.61.
Inactive Lever Responses and Response Latency
No significant effects were detected for inactive lever presses in any of the experiments. For cue reinstatement tests, baseline rates averaged 10.0470.86 and test day rates averaged 9.9370.90. For cocaine reinstatement, baseline rates averaged 9.7870.83 and test day rates averaged 25.4576.54. Although this increase in rates on the test day relative to the baseline day was significant when rates were averaged across experiments, it was not significant within any single experiment. There were also no significant effects for latency to the first inactive or active lever press (see Table 2 ).
Effects of SCH-23390 on Cocaine Self-Administration
As shown in Figure 3 , intra-amygdala SCH-23390 infusion increased cocaine self-administration, as did infusion of Planned comparisons between the SCH-23390 and vehicle tests for each amygdala region and dosage group revealed no significant effects in the rBLA. For the CEA, comparisons across the full-hour session revealed increases at all doses, while comparisons in the first 20 min only revealed increases for the two lower doses. For the cBLA, the two highest doses showed significant increases across the hour, but only the highest dose was significantly different in the first 20 min (paired t-tests, po0.05; see Figure 3 ).
Effects of SCH-23390 on Cocaine Reinstatement
Of all the rats tested for cocaine reinstatement, 11% failed to reinstate to cocaine on both their vehicle and SCH-23390 test days and were excluded from analyses. As shown in Figure 4 , SCH-23390 decreased cocaine reinstatement across the hour when infused into all regions except the cBLA. For the CEA, analyses revealed a drug pretreatment by dosage group interaction for both the hour session (F(1,4) ¼ 3.29, po0.05) and the first 20 min (F(1,4) ¼ 3.16, po0.05). Simple main effect tests showed significant effects of dosage group following SCH-23390 pretreatment, but not vehicle pretreatment, for both the hour (F(4,46) ¼ 2.88, po0.05) and first 20 min (F(4,45) ¼ 3.18, po0.05), with significant decreases at the 1.0 and 2.0 mg/ side doses of SCH-23390 relative to the 0.125 mg/side dose (Tukey tests, po0.05). Also, when compared to responding on the vehicle test day, a significant decrease was found following infusion of the 0.25 and 2.0 mg/side doses of SCH-23390 for the full hour and at the 2.0 mg/side dose for the first 20 min (paired t-tests, po0.05). The rBLA and CTX also showed main effects of drug treatment for the hour session (rBLA, F(1,30) ¼ 8.94; CTX, F(1,7) ¼ 20.75, po0.01) as well as the first 20 min (rBLA, F(1,29) ¼ 4.50; CTX, F(1,7) ¼ 10.92, po0.01). Planned comparisons revealed significant differences between vehicle and drug infusions at the 2.0 mg/side dose for the rBLA (paired t-tests, po0.05). While infusion in the BG decreased cocaine reinstatement across the hour session (F(1,9) ¼ 8.28, po0.05), it only produced a trend for a decrease in the first 20 min (F(1,9) ¼ 4.56, p ¼ 0.062). In the cBLA, there was a trend for a main effect of drug treatment across the full-hour session (F(1,30) ¼ 3.25, p ¼ 0.08), with no significant attenuation at any given dose of SCH-23390 and no effects in the first 20 min.
Finally, comparisons of baseline responding under extinction to responding following intracranial vehicle infusion and a cocaine prime revealed a significant increase for all regions and dosage groups for the full hour as well as the first 20 min (paired sample t-tests, po0.05). Thus, all rats reinstated to a cocaine prime on their vehicle test day.
Effects of SCH-23390 on Cue Reinstatement
Of all the rats tested for cue reinstatement, 20% failed to reinstate to cues on both their vehicle and SCH-23390 test days, and were excluded from analyses. As shown in Figure 5 , intra-amygdala SCH-23390 infusion dose-dependently decreased cue reinstatement, as did 2.0 mg/side SCH-23390 infused into the BG and 1.0 mg/side infused into the CTX. Across the entire hour session, main effects of drug treatment were evident for all regions except for the CEA (rBLA, F(1,20) ¼ 14.55; cBLA, F(1,27) ¼ 13.57; BG, F(1,8) ¼ 11.15; CTX, F(1,8) ¼ 6.81, po0.05), although a trend was evident in the CEA (F(1,42) ¼ 3.89, p ¼ 0.055). Planned comparisons revealed significant differences between vehicle and drug infusions at both the 1.0 and 2.0 mg/side doses for the rBLA and cBLA (po0.05), but only at the 1.0 mg/side dose for the CEA. When restricting analyses to the first 20 min of the session, main effects of drug treatment were evident in the cBLA (F(1,27) ¼ 11.68, po0.005), BG (F(1,8) ¼ 7.31, po0.05), and CTX (F(1.8) ¼ 7.14, po0.05), with a strong trend in the rBLA (F(1,20) ¼ 3.96, p ¼ 0.06). Using planned t-tests for the individual doses within the amygdala subregions, no significant effects were found, and the only trends (po0.10) were in the cBLA (0.25, 1.0, and 2.0 mg/side). Thus, at any single dose, the only significant effects on cue reinstatement in the first 20 min occurred in the BG and CTX. Finally, reinstatement of responding by cue presentation was assessed by comparisons of baseline responding under extinction to responding in the presence of cocaine-paired cues following vehicle infusions. These tests revealed a significant increase for all brain regions and dosage groups for the full hour (paired t-tests, po0.05). However, cue reinstatement following vehicle pretreatment was not always evident in the first 20 min, as was the case for rats in the 2.0 mg/side dosage groups for the CEA, rBLA, and cBLA, as well as for rats in the 0.5 mg/side dosage group for the CEA. These findings demonstrate unreliable sensitivity to detect a cue reinstatement effect in the first 20 min of the session. Figure 3 Effects of SCH-23390 infused into the CEA, rBLA, cBLA, BG, and CTX on cocaine self-administration, expressed as a difference from baseline infusion rate (CEA, n ¼ 6-8; cBLA, n ¼ 4-7; rBLA, n ¼ 5-6; BG, n ¼ 7; CTX, n ¼ 8). Data are presented for the full-hour session as well as for the first 20 min of the session. Each rat was tested twice, pretreated once with vehicle and once with their assigned dose of SCH-23390, counterbalanced for order. At least 2 days of stable self-administration intervened these tests. Average baseline follows for each region. Baseline for hour data: CEA, 15.0270.52; rBLA, 15.7471.04; cBLA, 16.9470.61; BG, 13.7271.05; CTX, 15.4171.75 . Baselines for first 20 min data: CEA, 6.3970.31; rBLA, 6.5670.52; cBLA, 7.4970.35; BG, 4.1970.84; CTX, 6.570.76 . * represents a difference from vehicle pretreatment, pairedsample t-tests, po0.05. w represents a difference from the lowest SCH-23390 pretreatment dose (0.5 mg/side), Tukey post hocs, po0.005. Figure 4 Effects of SCH-23390 infused into the CEA, rBLA, cBLA, and BG and CTX on cocaine reinstatement, expressed as a difference from baseline extinction rate of responding (CEA, n ¼ 7-14; cBLA, n ¼ 8-9; rBLA, n ¼ 10-11; BG, n ¼ 10; CTX, n ¼ 8). Data are presented for the full hour of the session as well as for the first 20 min of the session. Each rat was tested twice for cocaine reinstatement, pretreated once with vehicle and once with their assigned dose of SCH-23390, counterbalanced for order. At least 4 days of extinction intervened tests. Baseline extinction response rates did not differ between vehicle and SCH-23390 pretreatment tests or across experiments. The average baseline for the full-hour test data is 12.3970.61 and for the first 20 min data is 6.7970.37. * represents a difference from vehicle pretreatment, paired-sample t-tests, po0.05. w represents a difference from the lowest SCH-23390 pretreatment dose (0.125 mg/side), Tukey post hocs, po0.05.
DISCUSSION
The present findings were unexpected in that intracranial infusion of SCH-23390 produced behavioral effects in every brain region examined. However, the pattern of effects between amygdala nuclei differed somewhat, particularly within the cBLA and when comparing effects occurring in the first 20 min (see Table 3 ). These region-specific differences suggest that SCH-23390 produced effects via action at the target site, and not via spread to a neighboring region. Furthermore, previous literature suggests that our infusion parameters should have been sensitive enough to produce region-specific effects between the amygdala and dorsal anatomical control infusion sites. Intracranial SCH-23390 infusion has produced region-specific behavioral effects with doses comparable to or higher than those used in the present study and with only 1-2 mm distance between target and dorsal anatomical control sites (Epping-Jordan et al, 1998; Ranaldi and Wise, 2001; Anderson et al, 2003; Quinlan et al, 2004) , even following infusion into the BLA (Nader and LeDoux, 1999) . Nevertheless, Caine et al (1995) demonstrated that infusion of [ 3 H]SCH-23390 into the CEA produces a diffusion field of approximately 2 mm 3 after an hour. Since some of our infusion coordinates were separated by less than 2 mm, it is still possible that SCH-23390 spread beyond the amygdala during the hour, and therefore we will place emphasis on data from the first 20 min of testing when the drug should have been more localized to the infusion site.
As predicted, SCH-23390 infusion into the CEA produced more robust and reliable effects on cocaine self-administration and cocaine reinstatement than on cue reinstatement. Specifically, self-administration was increased and cocaine reinstatement decreased to a similar extent in the first 20 min of the session as across the full hour, suggesting a region-specific effect. On the other hand, cue reinstatement was only attenuated across the hour by the 1.0 mg/side dose of SCH-23390, with no effects at the higher, 2.0 mg/side dose. While the 20 min data are unreliable for cue reinstatement, it is noteworthy that no doses showed even trends for significance in the first 20 min after CEA infusions, as seen by the flat-sloped lines in Figure 5 . However, this may be due to low levels of responding during vehicle testing. These findings suggest that D1 receptors in the CEA are involved in processing the primary rewarding effects of cocaine; however, it remains unclear whether these receptors are also involved in processing the conditioned reinforcing effects of cocaine cues. The effects of intra-CEA SCH-23390 on cocaine self-administration and cocaine reinstatement were likely due to an attenuation of cocaine reward since such an effect would be expected to manifest as a compensatory increase in self-administration, but a reduction in the reinstating efficacy of a cocaine prime given the present experimental parameters (eg Caine et al, 1995; Burmeister et al, 2003) . Furthermore, these opposite effects on response rates demonstrate that SCH-23390 effects on lever pressing were not due to a general disruption of motor behavior.
While low levels of responding in the first 20 min of cue reinstatement tests render this data difficult to interpret, the orderly dose-effect patterns in the rBLA and cBLA across both the hour and first 20 min suggest that SCH-23390 was Figure 5 Effects of SCH-23390 infused into the CEA, rBLA, cBLA, and BG and CTX on cue reinstatement, expressed as a difference from baseline extinction rate of responding (CEA, n ¼ 8-11; cBLA, n ¼ 7-8; rBLA, n ¼ 6-10; BG, n ¼ 9; CTX, n ¼ 9). Data are presented for the full hour of the session as well as for the first 20 min of the session. Each rat was tested twice for cue reinstatement, pretreated once with vehicle and once with their assigned dose of SCH-23390, counterbalanced for order. At least 4 days of extinction intervened tests. Baseline extinction response rates did not differ between vehicle and SCH-23390 pretreatment tests or across experiments. The average baseline for the full-hour test data is 12.7770.65 and for the first 20 min data is 7.3870.36. * represents a difference from vehicle pretreatment, paired-sample t-tests, po0.05. acting in these regions to attenuate responding, with more robust effects observed in the cBLA. Consistent with this suggestion, previous findings using dopamine receptor antagonists Di Ciano and Everitt, 2004b) , as well as lesion and inactivation approaches, implicate the BLA in cue-elicited motivation for cocaine (Meil and See, 1997; Grimm and See, 2000; Kruzich and See, 2001; Fuchs and See, 2002; Kantak et al, 2002; McLaughlin and See, 2003) . Although infusion into the rostral and caudal BLA produced similar effects on cue reinstatement, interesting differences were detected between these regions for cocaine self-administration. For the rBLA, main effects of drug treatment were evident at both the hour and first 20 min, but no significant effects were evident at any given dose. Thus, effects were weak, not dose-dependent, and only observable with a large number of rats. These effects may have been produced by spread of SCH-23390 to a neighboring region, such as the CEA, where effects were evident at lower doses and more reliable in the first 20 min, consistent with previous research (Caine et al, 1995) . This interpretation is supported by several reports that BLA lesion and inactivation fail to alter cocaine self-administration (Meil and See, 1997; Grimm and See, 2000; Kantak et al, 2002; Yun and Fields, 2003) . On the other hand, infusion into the cBLA significantly increased self-administration at both the 1.0 and 2.0 mg/side doses of SCH-23390 across the hour, with the highest dose still effective in the first 20 min. These findings suggest that D1 receptors in the cBLA are involved in self-administration, although perhaps to a lesser extent than the CEA, in which SCH-23390 infusion produced more potent effects. The cBLA findings are consistent with previous research demonstrating significant increases in cocaine self-administration in the first 10 min after SCH-23390 infusion into the BLA (Hurd et al, 1997 ).
An opposite pattern of effects was observed for cocaine reinstatement, in which SCH-23390 infusion into the cBLA produced no effect, while infusion of the highest dose into the rBLA and CEA attenuated it to the same extent in the first 20 min as in the hour. Previous research has yielded inconsistent findings regarding the role of the CEA and BLA in cocaine reinstatement. For instance, a cocaine priming injection that reinstates cocaine-seeking behavior elicits immediate early gene expression in the CEA, but not in the BLA (Neisewander et al, 2000) , and cocaine reinstatement is not attenuated by inactivation of the CEA or BLA (Grimm and See, 2000; McFarland and Kalivas, 2001 ). On the other hand, excitotoxic lesion of the BLA attenuates cocaine reinstatement (Yun and Fields, 2003) , and SCH-23390 infusion into the CEA attenuates the discriminative stimulus effects of cocaine (Callahan and Cunningham, 1995) , findings consistent with the present study.
Infusion into both the rBLA and cBLA produced seemingly discrepant effects on cocaine self-administration and cocaine reinstatement, with infusion into each region producing strong effects on one behavior and weak or no effects on the other. However, similar behavioral dissociations have been observed following excitotoxic lesion of the BLA (Yun and Fields, 2003) or SCH-23390 infusion into the dorsal prefrontal cortex (Sun and Rebec, 2005) , suggesting that different neural mechanisms mediate the reinforcing effects of self-administered cocaine vs the reinstating effects of a cocaine prime. Furthermore, McGregor and Roberts (1993) reported that SCH-23390 infused into the amygdala increased the number of self-administered cocaine infusions, but not the breakpoint on a progressive ratio schedule (ie the maximum number of responses a rat will emit to obtain a cocaine infusion), a measure thought to reflect motivation for cocaine. Conversely, infusion into the nucleus accumbens did not alter infusion rate, but decreased the breakpoint. The authors suggested that the amygdala may mediate the 'stimulus cue' properties of cocaine, while the nucleus accumbens links these properties to response reinforcement. In this light, it is interesting that SCH-23390 infusion into the rBLA altered cocaine reinstatement to a greater extent than self-administration, while infusion into the cBLA produced the opposite pattern. Kantak et al (2002) also observed differences on cocaineseeking behavior following lidocaine inactivation of the rostral vs caudal BLA. Furthermore, the rBLA projects almost exclusively to the core, and not the shell, of the nucleus accumbens as well as to the dorsal agranular insular region of the prefrontal cortex, and not the prelimbic region, while the cBLA shows the opposite projection pattern (Groenewegen et al, 1990; Kita and Kitai, 1990; McDonald, 1991; Shinonaga et al, 1994) . Thus, the regional differences within the BLA may be due to differential projections to other limbic brain regions implicated in cocaine self-administration and reinstatement, such as the nucleus accumbens and prefrontal cortex (eg Goeders and Smith, 1993; McFarland and Kalivas, 2001; Park et al, 2002; McFarland et al, 2003; Anderson et al, 2003; Capriles et al, 2003) .
Surprising and novel findings of the present study were the robust effects of SCH-23390 infused into the BG and CTX. In the first 20 min of the session, infusion into either region significantly increased self-administration, while only infusion into the CTX significantly attenuated cocaine reinstatement. However, the strong trend observed in the BG suggests that this region may also play a role in cocaine reinstatement. Infusion of SCH-23390 into either the BG or CTX also robustly attenuated cue reinstatement in the first 20 min, suggesting that these regions may play a role in processing the incentive motivational effects of cocaine cues. Assuming that the BG and/or CTX are involved in cue reinstatement, it is possible that effects of SCH-23390 infusions into the BLA involve spread of drug up the cannula track to these regions. Indeed, BLA manipulations do not always attenuate cue-elicited cocaine seeking Di Ciano and Everitt, 2004a) and several recent studies support a role for the BG and CTX. First, a distinct brain region in the posterior portion of the caudate putamen at the border with the globus pallidus, named the marginal division, is purported to have limbic characteristics implicated in memory and motivation (eg Shu, 2003; Shu et al, 2003a, b) . Also, the insular cortex is activated in cocaine-addicted individuals during craving elicited by cocaine cues (Wang et al, 1999; Garavan et al, 2000; Bonson et al, 2002) . Finally, it has been proposed that part of cocaine's abuse and addictive properties stem from its enhancement of somatosensory processing (ie Drouin and Waterhouse, 2004) , particularly in relation to cueelicited craving for cocaine (Di Chiara, 1999) . While the BG and CTX data are interesting, they are preliminary and require more extensive investigation of regional and pharmacological specificity.
Finally, it is unclear why such high concentrations of SCH-23390 are required to produce effects intracranially. In at least one study on expression of amphetamine-conditioned place preference, a previously acquired preference for the amphetamine-paired side was blocked by approximately 55 mg SCH-23390 administered systemically or 0.02 mg administered into the nucleus accumbens, more than a 2000-fold difference in drug amounts (Hiroi and White, 1991) . However, in the present study and many other intracranial infusion studies, SCH-23390 amounts used intracranially are similar to those used systemically, with less than a 10-fold difference between them. Previous research has sought to address this concern by examining the percentage of D1 receptors occupied following either systemic or intra-accumbens SCH-23390 administration (Neisewander et al, 1995 . These studies showed that similar percentages of receptors in the nucleus accumbens were occupied following approximately 9 mg SCH-23390 administered systemically or 6 mg infused directly into the nucleus accumbens (3 mg/side; Neisewander et al, 1995) . While it is not clear why direct intracranial administration does not more potently occupy D1 receptors than systemic administration, this finding is consistent with the common practice of utilizing similar amounts of SCH-23390 systemically and intracranially.
Alternatively, it is possible that such high concentrations of SCH-23390 are required because effects are not produced at D1 receptors, but at other receptors for which SCH-23390 has less affinity. For instance, SCH-23390 is a full-efficacy agonist at 5-HT 2C receptors (Millan et al, 2001) , which have been implicated in cocaine abuse-related behaviors (Callahan and Cunningham, 1995; Grottick et al, 2000; Fletcher et al, 2002 Fletcher et al, , 2004 Burmeister et al, 2004; Filip et al, 2004) . At the concentrations used intracranially, SCH-23390 also functions as an antagonist for G protein-coupled, inwardly rectifying potassium channels (GIRK; Kuzhikandathil and Oxford, 2002) . GIRK channels are linked to various receptor systems which activate these channels when stimulated, including the dopamine D2 receptor. Thus, at the doses used in this and most other intracranial SCH-23390 studies, SCH-23390 may simultaneously antagonize the function of several other receptor systems via blockade of GIRK channels. Lower doses of SCH-23390 may be required to bind selectively to D1 receptors. In this light, it is interesting that while high doses of SCH-23390 attenuated cocaine reinstatement, the lowest dose of SCH-23390 infused into the CEA, 0.125 g/side, exhibited a trend for an increase in cocaine reinstatement across both the hour (p ¼ 0.063) and first 20 min (p ¼ 0.082, see Figure 4 ). Further research is needed to elucidate the pharmacological action of SCH-23390 responsible for the effects observed in the present study, perhaps by investigating intra-amygdala effects of the non-benzazepine D1 antagonist, SCH-39166, which has a different binding profile than SCH-23390 (Alburges et al, 1992; Duffy et al, 2000) , as well as the non-lipophilic agonists SKF-38393 and SKF-81297.
To summarize, the effects of SCH-23390 were more widespread than predicted with similar effects occurring not only in three different amygdala locations, but in regions dorsal to the amygdala as well. These effects may have been due to pervasive drug spread throughout the brain, particularly considering the lipophilic nature of the drug and the high concentrations infused. Alternatively, previous literature and careful examination of data from the first 20 min of the test session suggest that the infusion parameters used in the present study should and do produce region-specific effects. For instance, while cocaine self-administration was more robustly altered by SCH-23390 infusion into the cBLA than the rBLA, the opposite was true for cocaine reinstatement, with no reliable effects occurring in the cBLA. These behavior-and region-specific differences are not parsimoniously explained by a pervasive, whole-brain effect of SCH-23390, but are more characteristic of a drug effect within the target region. Thus, the unexpected, robust effects observed in the BG and CTX suggest these regions are likely involved in the reinforcing and incentive motivational effects of cocaine and cocaine cues. Further research is needed to verify whether SCH-23390 effects are D1 receptor-mediated and to examine the role of the posterior caudate-putamen/globus pallidus and insular/somatosensory cortices in motivation for cocaine.
